0 


J 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 


0 657 878 A2 


(2) Application number: 94118992.0 
© Date of filing: 01.12.94 


EUROPEAN PATENT APPLICATION 

© Int. CIA G11B 11/10 


© Priority: 08.12.93 JP 308008/93 


Applicant: Mitsubishi Chemical Corporation 

@ Date of publication of application: 


5-2 Marunouchi 2-chome 


Chiyoda-ku, 

14.06.95 Bulletin 95/24 


Tokyo (JP) 

© Designated Contracting States: 

© 

Inventor: Shimamori, Takumi, c/o Mitsubishi 

Dt FR GB NL 


Chemical Corp. 



Yokohama Res. Center, 



1000, Kamoshida-cho, Aoba-ku 



Yokohama-shi, 



Kanagawa-ken (JP) 



Inventor: Uchida, Naoyuki, c/o Mitsubishi 



Chemical Corp. 



Yokohama Res. Center, 



1000, Kamoshida-cho, Aoba-ku 



Yokohama-shi, 



Kanagawa-ken (JP) 


0 

Representative: Lehn, Werner, Dipl.-lng. et al 



Hoffmann, Eitle & Partner, 



Patentanwalte, 



Arabellastrasse 4 



D-81925 Munchen (DE) 


© Magneto-optical recording and reading-out method. 


© The disclosure describes a magneto-optical re- 
cording and readout method which comprises mak- 
ing a tape-type magneto-optical recording medium 
(1) run in front of at least a single pole of a perma- 
^ nent magnet (2) or an electromagnet at a position 
^ forwards of an optical head relative to the running 
qq direction of said recording medium, without contact- 
's ing said magnet so as to cross at a substantial right 
00 angle to magnetic force lines (3), thereby initialising 
js» said recording medium or erasing information there- 
in in, 

said tape-type magneto-optical recording me- 
O dium (1) having at least a magneto-optical recording 
layer on one side of a base film having a thickness 
ni of not more than 50 urn; and 

effecting recording of information by irradiating 
beams to the recording medium under application of 


an external magnetic field of not more than 24 kA/m. 

FIG.1 
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BACKGROUND OF THE INVENTION: 

The present invention relates to a magneto- 
optical recording and reading-out method. More 
particularly, the present invention relates to a mag- 
neto-optical recording and reading-out method 
comprising irradiating beams to a tape-type re- 
writable and erasable magneto-optical recording 
medium having at least a magneto-optical record- 
ing layer on one side of a base film (substrate) 
having a thickness of not more than 50 um. 

With increase of the amount of information in 
recent years, there is a strong request for an in- 
formation recording and readout system which is 
capable of compact recording, storage and stable 
retention of massive amount of information from 
various sources such as documents, pictures and 
sounds. 

Magneto-optical recording has a feature such 
as high storage capacity per unit area, i.e., high 
area storage density owing to use of beams closed 
down to the threshold of diffraction of approxi- 
mately 1 um. 

The conventional disc-type magneto-optical re- 
cording medium has an advantage that it is ca- 
pable of random access to the recorded signal. 
Also, in this magneto-optical recording medium, 
since beams are irradiated to the magnetic layer 
via a transparent substrate having a thickness of 
approximately 1 .2 mm, the dust and flaws on the 
irradiated surface of the substrate can hardly be- 
come a cause of error. 

However, the disc-type magneto-optical record- 
ing medium is not high in storage capacity per unit 
volume, i.e., volume storage density, because of 
the relatively large thickness (1.2 mm) of the sub- 
strate. Even if the substrate is reduced in thickness 
for elevating the volume storage density, no drastic 
improvement of the volume storage density can be 
expected as far as the recording medium has a 
disc-like shape because the cartridge housing of 
the disc-type recording medium is incapable of 
extreme reduction of thickness. 

In the case of magnetic tape, it is possible to 
significantly elevate the volume storage density 
owing to the structural features that the substrate 
can be reduced in thickness and the tapes can be 
housed in winding in a cartridge. 

A tape-type magnetic recording medium is ap- 
plied to digital video recording, etc., but its mem- 
ory capacity is not remarkably large since the area 
storage density thereof is not so high as optical 
disc. Also, the tape-type magnetic recording me-, 
dium is small in coercive force and high in satura- 
tion magnetization as compared with the disc-type 
magneto-optical recording medium, so that the 
tape-type recording medium has the problem that 
when it is rolled up and kept in storage for a long 



57 878 A2 2 

time, there may take place transfer of recording to 
cause deterioration of the recorded signal. 

A write-once optical tape has been developed 
as a recording medium which has both the advan- 

5 tage of optical disc of being high in area storage 
density and the advantage of magnetic tape of 
being high in volume storage density. This medium 
such as write-once optical tape is remarkable for is 
high recording density and excellent storage stabil- 

w ity, but it is merely capable of write-once and 
incapable of rewriting unnecessary information. 
Therefore, in case where an information becomes 
useless, the whole recording medium storing such 
information is treated as useless things. This be- 

75 comes a problem not only from the aspect of 
economy but also from the viewpoint of waste 
disposal. 

The magneto-optical recording system can be 
roughly divided into two types. One is a light 

20 intensity modulation in which magnetization of the 
medium is preset in one direction and recording is 
carried out by modulating the light irradiation inten- 
sity while applying a bias magnetic field in the 
opposite direction, and the other is a magnetic field 

25 modulation in which recording is conducted by 
modulating the direction of the magnetic field with- 
out modulating the light intensity. 

In the magnetic field modulation, since the 
magnetization must be switched to high speed, it is 

30 necessary to miniaturize the magnetic head which 
generates the magnetic field and to position it 
closer to the recording medium. 

However, in the recording of the magneto-op- 
tical tape, movement of the recording medium is 

35 relatively low in speed while the recording head is 
moved at high speed unlike disc recording, so that 
it is difficult to realize practical application of a 
recording method which requires high speed ac- 
cess of the magnetic head, such as the magnetic 

40 field modulation. 

In the light intensity modulation, a process for 
arranging magnetization of the recording medium 
in one direction, that is, erasing or initialization is 
required before recording. 

45 For example, in the case of magneto-optical 

disc, erasing is effected by continuous irradiation of 
beams while exerting a magnetic field in the direc- 
tion opposite to the bias magnetic field for record- 
ing. 

so It is possible to conduct, also, the erasing 

treatment of magneto-optical tape, but the tape 
must be moved at high speed for effecting record- 
ing soon after erasing. This is actually impractical. 
Thus, for recording and reading-out a rewrita- 

55 ble tape-type magnetic recording medium by irra- 
diating beams thereto, a recording and readout 
system of a magneto-optical tape capable of com- 
pact recording, storage and stable retention of 
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massive information and also capable of as several 
times of rewriting has been required. 

In view of the above, the present inventors 
pursued intensive studies for providing an informa- 
tion recording and readout system capable of re- 
alizing a very high volume storage density and re- 
writable on a tape-type magneto-optical recording 
medium, and as a result, the present inventors 
have found that by effecting initialization of a tape- 
type magneto-optical recording medium and eras- 
ing of information in the recording medium by a 
specified method, that is, making the recording 
medium run in front of at least the single pole of a 
permanent magnet or electromagnet without con- 
tacting the magnet, crossing at a substantial right 
angle to magnetic force lines, an excellent mag- 
neto-optical recording and readout system can be 
realized. The present invention has been attained 
on the basis of this finding. 

SUMMARY OF THE INVENTION: 


An object of the present invention is to provide 
an information recording and readout system using 
a tape-type magneto-optical recording medium ca- 
pable of compact recording, storage and stable 
retention of massive information and also capable 
of as several times of rewriting as desired. 

Another object of the present invention is to 
provide an information recording and readout sys- 
tem of a high volume storage density, capable of 
compact recording and storage of massive informa- 
tion of various forms such as documents, pictures, 
sounds and numerical data. 

To accomplish the aims, in an aspect of the 
present invention, there is provided a magneto- 
optical recording and reading-out method which 
comprises making a tape-type magneto-optical re- 
cording medium run in front of at least a single 
pole of a permanent magnet or an electromagnet at 
a position forwards of an optical head relative to 
the running direction of said recording medium, 
without contacting said magnet so as to cross at a 
substantial right angle to magnetic force lines, 
thereby initializing said recording medium or eras- 
ing information therein, 

said tape-type magneto-optical recording me- 
dium having at least a magneto-optical recording 
layer on one side of a base film (substrate) having 
a thickness of not more than 50 urn; and 

effecting recording of information by irradiating 
beams to the recording medium under application 
of an external magnetic field of not more than 24 
kA/m. 


BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a diagrammatic illustration of the ini- 
tialization or erasing step in the magneto-optical 
5 recording and readout method according to the 
present invention. 

Fig. 2(a) and Fig. 2(b) show typical examples 
of yoke-type permanent magnet used in the mag- 
neto-optical recording and readout method accord- 
w ing to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION: 

The gist of the present invention lies in a 
;s magneto-optical recording and reading-out method 
in which recording and readout are conducted by 
irradiating beams to a tape-type magneto-optical 
recording medium having at least a magneto-op- 
tical recording layer on a substrate having a thick- 
20 ness of not greater than 50 urn, which comprises 
effecting initialization of the recording medium or 
erasing of information in the recording medium by 
simply applying a magnetic field without using 
beams, at a position forwards of an optical head 
25 relative to the running direction of the recording 
medium. 

The substrate of the magneto-optical recording 
medium used in the present invention serves for 
supporting a magneto-optical recording layer there- 
to on. The thickness of the substrate can not be 
reduced beyond a certain limit because of the 
possibility that the recording medium might be 
stretched out by the tension built up when the tape 
is rolled up, but for increasing the volume storage 
35 density of the medium, the substrate thickness 
should be not more than 50 um, preferably not 
more than 20 urn, more preferably 1 to 20 urn. 

As the substrate used in the present invention, 
there can be used a monolayered polyester film 
40 and a multilayered polyester film. 

A tensile strength upon 5% elongation (Fs val- 
ue) in the longitudinal direction of the substrate 
used in the present invention is preferably not less 
than 6 kg/mm 2 , more preferably not less than 8 
45 kg/mm 2, still more preferably not less than 10 
kg/mm 2 . When the Fs of the substrate in its longitu- 
dinal direction is less than 6 kg/mm 2 , the handling 
workability of the optical tape may be deteriorated 
and the optical tape may prove unsatisfactory in 
so durability. The Fs value in the present invention is 
measured by the following method. 

A specimen substrate of 50 mm in length and 
15 mm in width was pulled at a rate of 50 mm/min 
in a room adjusted to a temperature of 23 *C and a 
55 humidity of 50% RH by using a tensilon tester 
Intesco Model 2001 (manufactured by Intesco Co.), 
and the strength at 5% elongation was defined as 
F 5 value. 
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The heat shrinkage of the substrate used in the 
present invention in its longitudinal direction (ma- 
chine direction) after 30 minute heat-treatment at a 
temperature of 100*C is preferably not more than 
5%, more preferably not more than 3%, still more 
preferably not more than 2%. In case such heat 
shrinkage exceeds 5%, the heat resistance may 
become unsatisfactory to afford adverse effect on 
the properties of the produced optical tape. The 
heat shrinkage in the present invention is measured 
by the following method. 

By using a circulating hot-air oven (manufac- 
tured by Tabai Seisakusho, Ltd.), the sample sub- 
strate was subjected to a free end heat treatment 
at a temperature of 100°C for 30 minutes, and the 
dimensional change in the longitudinal direction 
(machine direction) of the substrate after the heat 
treatment was expressed by %. 

In the substrate used in the present invention, 
it is desirable that the surface (A surface) of the 
substrate on the magneto-optical recording layer 
side is as flat and smooth as possible. 

A center line average roughness (Ra A ) on the A 
surface of the optical recording layer side of the 
substrate is not more than 0.005 urn, preferably 
not more than 0.003 urn, more preferably not more 
than 0.002 urn. When the Ra A exceedsO.005 urn, 
the optical recording performance may lower. 

The center line average roughness (Ra B ) on 
the exposing surface (B surface) of the substrate, 
which is a side opposite to the magneto-optical 
recording layer, is within the range of 0.005 to 0.3 
urn, preferably 0.007 to 0.05 um, more preferably 
0.008 to 0.02 um. When the Ra B is less than 0.005 
um, it is difficult that the slipperiness of the sub- 
strate is improved sufficiently, resulting in unsatis- 
factory workability of the substrate. On the other 
hand, when the Ra A exceeds 0.3 um, there may be 
induced adverse effects such as transfer of rough- 
ness to the smooth surface of the substrate. 

The center line average roughness in the 
present invention is measured by the following 
method. 

The center line average roughness on the sur- 
face of the substrate was determined as follows by 
using a surface roughness apparatus (SE-3F) [man- 
ufactured by Kosaka Institute Co.]. That is, a por- 
tion of a sampling length L (2.5 mm) was sampled 
in the direction of the center line from a film cross 
sectional curve. The center line average roughness 
(Ra) is represented by determining ten cross sec- 
tional curves from the surface of the specimen film 
and expressed by an average value for the center- 
line roughness of the sampled portion determined 
from the cross sectional curves. Further, the tip 
radius of the stylus was 2 um, the load was 30 mg 
and the cut-off value was 0.08 mm. 


It is also preferable to use a substrate showing 
a high heat resistance of at least about 100*C 
since the recording layer is heated up to around 
200 • C by the recording beams when recording is 

5 conducted. 

A polyethylene terephthalate (PET) film or a 
polyethylene naphthalate (PEN) film is preferably 
used as the substrate. 

Since such a film is produced by a drawing 

io method, the phenomenon of birefringence may 
take place, and when beams is passed through a 
material in which the said phenomenon has oc- 
curred, the magneto-optical effect of the medium is 
substantially reduced. Therefore, in readout of sig- 

75 nal in the present invention, it is preferable that 
beams be irradiated not through the substrate but 
directly to the magneto-optical recording layer on 
the substrate. 

The tape-type magneto-optical recording me- 

20 dium used in the present invention has at least a 
magneto-optical recording layer formed on the sub- 
strate. This magneto-optical recording layer serves 
for storing signals by thermo-magnetic recording 
and reading-out signals by virtue of magneto-op- 

25 tical effect. In thermo-magnetic recording, it is re- 
quired that the coercive force of the magneto- 
optical recording layer at high temperatures is suffi- 
ciently lower than that at around room temperature. 
Also, for reading-out by magneto-optical effect, it is 

30 required that the magneto-optical effect of the mag- 
neto-optical recording layer is high enough, that is, 
the Kerr rotation angle or the Faraday rotation 
angle is large. 

A typical example of the magnetic material that 

35 can satisfy these requirements is amorphous alloys 
of rare earth and transition metals. The thickness of 
the magneto-optical recording layer is 5 to 100 nm. 

On the substrate, there may be provided, be- 
side the said magneto-optical recording layer, a 20 

40 to 300 nm thick-light interference layer made of a 
dielectric material and/or a 10 to 100 nm thick-light 
reflective layer made of a metal. 

A protective layer for protecting these thin films 
from environmental and mechanical impact may 

45 also be provided. The protective layer is made of 
an ultraviolet curing resin or a fluorine resin and its 
thickness is not more than 10 um. Further, the 
protective layer is a transparent film having a re- 
fractive index of 1.1 to 1.7 and a surface roughness 

so (center line average roughness) of not more than 
10 nm, preferably not more than 5 nm. 

On the surface of the magneto-optical record- 
ing medium is formed unevenness by a known 
method, for example the method disclosed in Japa- 

55 nese Patent Application Laid-Open (KOKAI) Nos. 
56-84921, 3-53924, 5-159384 and 6-12707. 

For obtaining the signals, there can also be 
employed a method using phase difference of laser 
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beams by availing of fine unevenness of the track 
grooves on the substrate, the fine unevenness be- 
ing produced by physically transferring unevenness 
previously provided to a roll to the substrate in the 
course of film formation. The unevenness on the 
whole surface of the medium is used for a tracking 
signal of laser beams and the unevenness on the 
both ends in the transverse direction of the me- 
dium is used for an address signal or a controlling 
signal of medium running speed. 

The type of signal to be written in the medium 
also includes magnetic signal, magneto-optical sig- 
nal, optical signal (signal using the difference of 
reflectance) and electrical signal. For obtaining the 
signal using difference of reflectance, there can be 
employed, for example, a method utilizing phase 
change of crystals by irradiating laser beams. 

The signal for controlling the running speed is 
generated, for instance, by the fine unevenness, or 
the other type of signal provided at equal intervals 
with a spacing of several to hundreds of microns 
on both ends in the transverse direction of the 
medium. 

In the present invention, in recording of in- 
formation, it is necessary to previously perform 
erasing for making uniform magnetization of the 
recording medium in one direction. 

In the conventional magneto-optical discs, 
erasing is effected by using both light and mag- 
netization, but in the magneto-optical recording and 
reading-out method according to the present inven- 
tion, erasing is performed by using only a magnetic 
field prior to recording, specifically, as shown in 
Fig. 1, by making the tape 1 run in front of at least 
a single pole of a permanent magnet 2 or an 
electro-magnet, preferably between both poles 
thereof considering leakage field, so as to cross at 
a substantial right angle to magnetic force lines 3 
without contacting the said magnet. "Non-contact 
run" of the medium in the present invention means 
that the medium is made run in front of a magnet 
keeping a spacing of 0.01 to 20 mm therefrom. 

In the case of magneto-optical disc, since the 
recording medium is rotated on a track, it is impos- 
sible to effect erasing of the medium by use of a 
magnetic field alone because in this case, the just 
recorded signal, too, is erased. 

On the other hand, in the case of magneto- 
optical tape, since the recording medium is moved 
rectilinearly, even if erasing is effected by use of a 
magnetic field alone at a position forwards of the 
optical head for recording, the recorded section 
never returns to the position of the erasing head. . 

In the case of magneto-optical tape, since the 
recording medium is not turned, it is difficult to 
effect erasing and recording with a same optical 
head as the case of magneto-optical disc. 


For these reasons, it is more rational to effect 
erasing of magneto-optical tape by use of a mag- 
netic field alone at a position forwards of the optical 
head relative to the direction of tape run. 

5 It is preferable for simplification in structure of 

the apparatus that the magnetic field for effecting 
erasing or initialization of the recording medium be 
applied so that it may be exerted to the whole 
breadth of the optical tape. Use of a permanent 

to magnet is preferred in terms of power consump- 
tion. 

The magnetization to be applied is not. more 
than 640 kA/m, preferably 40 to 640 kA/m. This 
range of the applied magnetization is selected as it 

/s is possible to reduce the size of the magnet used 
for generating the magnetic field. 

The permanent magnet used for erasing in the 
present invention is preferably one whose maxi- 
mum value of energy product (BH) Max is large. 

20 Examples of such permanent magnet are RCo 
magnet (wherein R represents a rare earth ele- 
ment) and NdFeB sintered magnet. 

Permanent magnet may be provided either at a 
single position or at plural positions as far as ail the 

25 magnets are disposed in one magnetic circuit. For 
example, a pair of magnets may be disposed in 
opposition to each other with a gap therebetween, 
with their poles distant from the gap being con- 
nected by a yoke. 

30 Considering the leakage field, it is recommend- 

ed to use yoke-type permanent magnets. 

The magnetic properties required for the yoke 
material are high permeability and high saturation 
flux density. When using a permalloy as yoke 

35 material, it is possible to obtain a maximum per- 
meability (u m ) of not less than 0.01 H/m. Amor- 
phous magnetic alloys containing transition metals 
are usable. 

FeCo alloys are suited for yoke material be- 

40 cause of high maximum permeability (u m = 0.006 
H/m) and high saturation flux density (2.4 Wb/m 2 ). 

Typical examples of yoke-type permanent 
magnet are illustrated in Fig. 2(a) and Fig. 2(b). 
In the structure shown in Fig. 2(a), erasing is 

45 effected as a tape-type magneto-opticai recording 
medium is passed through a gap 7 formed by the 
end faces 9a, 9b of the tapered portions (trape- 
zoids) 8a, 8b provided at one end of the yoke 
members 4a, 4b. The other ends of the yoke 

so members 4a, 4b are disposed in contact with the N 
pole 5 and the S pole 6, respectively, of a perma- 
nent magnet 2. 

In the structure shown in of Fig. 2(b), erasing is 
effected as a tape-type magneto-optical recording 

55 medium is passed through a gap 7 defined by the 
end faces 9c of the tapered portions (trapezoids) 
8c provided at the free ends of the yoke members 
4a, 4b holding a permanent magnet at the other 
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ends and the corresponding end faces 9d of the 
tapered portions (trapezoids) 8d of an independent 
yoke member 4c. 

By making the end portion (the portion con- 
stituting the gap) of the yoke thinner, it is possible 
to develop a stronger magnetic field even when the 
magnetization at the yoke end is saturated. 

The bias magnetic field for recording on a 
magneto-optical disc is usually applied only to the 
area at and around the portion of the disc irradiated 
with recording beams. 

In the case of magneto-optical tape, since the 
optical head must be moved through a relatively 
large distance at high speed, it is required to move 
the magnetic head at high speed when a bias 
magnetic field is applied similarly to the case of 
magneto-optical disc. 

Therefore, in the case of magneto-optical tape, 
. it is preferred to apply a bias magnetic field widely 
over the track on which recording is made by the 
optical head. 

A permanent magnet is preferably used for 
applying a bias magnetic field for recording as it 
can simplify the structure of the apparatus. 

Unless the leakage field or demagnetizing field 
of the erasing head is considered, since the cross- 
sectional area and length of the magnet is in pro- 
portion to the magnetic field, if the magnetic field 
applied is set to be not more than 24 kA/m, prefer- 
ably not more than 8 kA/m, the magnet used for 
inducing the medium magnetization can be min- 
iaturized to provide a further benefit. It is most 
preferred that the external magnetic field is sub- 
stantially 0 kA/m. 

When a recording medium having a relatively 
high saturation magnetization at around room tem- 
perature is used, recording can be made without 
application of any external magnetic field since the 
leakage field of the medium itself increases. Use of 
such a recording medium for conducting recording 
merely through modulation of light intensity without 
using any external magnetic field greatly contri- 
butes to structural simplification of the recording 
apparatus. 

According to the present invention, as de- 
scribed above, an information recording and 
readout system with high volume storage density is 
provided. This system allows compact recording 
and storage of massive information in various 
forms such as documents, pictures, sounds, nu- 
merical data, etc. Further, since unnecessary in- 
formation can be erased or rewritten, the problem 
of waste disposal is eliminated. Moreover, the re-, 
cording and readout apparatus embodying the 
method of the present invention is simplified in 
structure and can be offered at low cost. 
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EXAMPLE 

The present invention is described more par- 
ticularly below by showing the examples thereof. It 
is to be understood, however, that these examples 
are merely intended to be illustrative and not to be 
construed as limiting the scope of the invention. 

Example 1 


On a PET film (thickness: 20um, F s value: 12.5 
kg/mm 2 , heat shrinkage: 1.5%, Ra A : 0.002 urn and 
Ra 8 : 0.009 urn) we formed successively a 40 nm 
thick-AITa alloy layer, a 30 nm thick-TbFeCo amor- 
75 phous alloy layer and a 70 nm thick-SiN amor- 
phous dielectric layer by sputtering to produce a 
magneto-optical recording medium. 

The magnetization curve of this recording me- 
dium was determined by utilizing the Kerr effect. It 
20 was found that the magnetization was perfectly 
reversed in a magnetic field of around 500 kA/m. 

The recording and readout performances of the 
above recording medium were evaluated by stick- 
ing the medium on a substrate for a magneto- 
ns optical disc, using an evaluation device for mag- 
neto-optical discs. 

Before fixing the medium to a spindle of the 
evaluation device, a magnetic field of 500 kA/m 
was applied vertically to the medium by using the 
30 yoke permanent magnet shown in Fig. 2(a). Then 
the medium was fixed to the spindle and turned at 
a linear speed of 2 m/s while focusing with the 
optical head to read out the signal. The signal was 
at the erasing level, indicating that initialization has 
as been duly effected. 

Then, with the medium kept turned at a linear 
speed of 2 m/s, recording and readout were con- 
ducted by varying the recording magnetic field. 
First, recording was carried out under the following* 
40 conditions: frequency = 800 kHz; recording laser 
pulse width = 625 ns; recording laser power = 2.5 
mW; readout laser power = 0.6 mW. As a result, 
C/N was 48.5 dB when the recording magnetization 
was zero, C/N was 49.0 dB when the recording 
45 magnetization was 8 kA/m, C/N was 49.5 dB when 
the recording magnetization was 16 kA/m and C/N 
was 49.5 dB when the recording magnetization was 
24 kA/m. In each case, C/N was not less than 45 
dB, the threshold level required for digital record- 
so ing. 

After recording, the medium was removed from 
the spindle and a magnetic field of 500 kA/m was 
applied by using the yoke permanent magnet 
shown in Fig. 2(a). 
55 Then the medium was again fixed to the spin- 

dle and readout of signal was conducted. Signal 
was at the erasing level same as at the time of 
initialization, which indicates that erasing has been 
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effected perfectly. 


electromagnet. 


From the foregoing, it has been confirmed that, 
in recording and readout of a magneto-optical tape, 
it is possible to effect initialization and erasing by 
use of a magnetic field alone, with no need of s 
using light beams. 

Claims 

1. A magneto-optical recording and reading-out w 
method which comprises making a tape-type 
magneto-optical recording medium run in front 

of at least a single pole of a permanent mag- 
net or an electromagnet applying magnetic 
field to said medium of not more than 640 is 
kA/m at a position forwards of an optical head 
relative to the running direction of said record- 
ing medium, without contacting said magnet so 
as to cross at a substantial right angle to 
magnetic force lines, thereby initializing said 20 
recording medium or erasing information there- 
in, 

said tape-type magneto-optical recording 
medium having at least a magneto-optical re- 
cording layer on one side of a base film having 25 
a thickness of not more than 50 am; and 

effecting recording of information by irra- 
diating beams to the recording medium under 
application of an external magnetic field of not 
more than 24 kA/m. 30 

2. The magneto-optical recording and reading-out 
method according to Claim 1 , wherein the 
magnetic field applied to the medium by said 
magnet is 40 to 640 kA/m. 35 

3. The magneto-optical recording and reading-out 
method according to Claim 1, wherein said 
initialization or erasing is effected by making 

the recording medium run between the N pole 40 
and the S pole of permanent magnets or elec- 
tromagnets without contacting said magnets. 

4. The magneto-optical recording and reading-out 
method according to Claim 1, wherein said 45 
recording of information is conducted by mod- 
ulation of light intensity, with the external mag- 
netic field being substantially 0 kA/m. 

5. The magneto-optical recording and reading-out so 
method according to Claim 1, wherein reading- 
out is conducted by irradiating beams from the 
magneto-optical recording layer side of said 
medium. 


6. The magneto-optical recording and reading-out 
method according to Claim 1, wherein said 
magnet is a yoke-type paramagnet magnet or 
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© The disclosure describes a magneto-optical re- 
cording and readout method which comprises mak- 
ing a tape-type magneto-optical recording medium 
(1) run in front of at least a single pole of a perma- 
nent magnet (2) or an electromagnet at a position 
forwards of an optical head relative to the running 
direction of said recording medium, without contact- 
ing said magnet so as to cross at a substantial right 
angle to magnetic force lines (3), thereby initialising 
said recording medium or erasing information there- 
in, 

said tape-type magneto-optical recording me- 
dium (1) having at least a magneto-optical recording 
layer on one side of a base film having a thickness 
of not more than 50 urn; and 

effecting recording of information by irradiating 
beams to the recording medium under application of 
an external magnetic field of not more than 24 kA/m. 


FIG.1 



Rank Xerox (UK) Business Services 

(3. 10/3.09/3.3.4) 


J 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 94 11 8992 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 

to 4 


CLASSIFICATION OF THE 
APPLICATION (Int.CLo) 


US-A-5 070 487 (WATSON EDWIN G) 3 December 
1991 

* the whole document * 

DE-A-30 11 036 (OLYMPUS OPTICAL CO) 2 
October 1980 

* the whole document * 

EP-A-0 229 395 (HITACHI LTD ;HITACHI VIDEO 
ENG (JP)) 22 July 1987 

* page 23, line 19 - page 27, line 3; 
figures 8-9C * 

DE-B-12 42 268 (SIEMENS 
AKTIENGESELLSCHAFT) 15 June 1967 

* the whole document * 

GB-A-926 833 (AMPEX CORP.) 22 May 1963 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 017 no. 616 (P-1643) ,12 November 

1993 

& JP-A-05 189829 (RICOH CO LTD) 30 July 
1993, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 009 no. 037 (P-335) ,16 February 1985 
& JP-A-59 178602 (SHIR0U 0KAMURA) 9 
October 1984, 

* abstract * 

-/— 


The present search report has been drawn up for all ctatms 


GUB11/10 


TECHNICAL FIELDS 
SEARCHED (lM-Cl.a) 


G11B 


Plac* •# M-rca 

THE HAGUE 


Date «f cnvUln H tfet mwx± 

3 July 1995 


Nanos, A 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant tf taken iloa* 

Y : parricotarly relevant If coabinea with another 

•oenmcnt of the sane category 
A : technological bacfcgroooa 
O : aoa-writtcn disclosure 
P : intermediate document 


. T : theory or prtadpU underlying the invention 
E : earlier pat eat 4 oca sent, bat published on, or 

after th« filing date 
D : document cited in the application 
L : docsmeat dted for other reasons 


aner of the suit patent family, comsponiing 


J 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 94 11 8992 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Categ or 7 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (Int-CL ») 


IBM TECHNICAL DISCLOSURE BULLETIN, 
vol. 15, no. 9, February 1973 NEW YORK 
US, 

pages 2747-2748, 'Thermomagnetic 
recording and erasure' 
* the whole document * 


TECHNICAL FIELDS 
SEARCHED (Iot-d.A) 


The present search report has been drawn up for all claim* 


Plan «f » 

THE HAGUE 


3 July 1995 


Nanos, A 


CATEGORY OF CITED DOCUMENTS 

X : parhcoimrly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological backgroond 
O : won- written disclosure 
P : intermediate document 


T : theory or principle andertytng th* invention 
E : earlier patent doenment, bat po bib bed on, or 

after the filing date 
D : doenment dted In the appllcailon 
L : docmneat dted for other reasons 

A : member of the same patent family, corresponding 



